1. The previous study (Conchie, Gelman & Levvy, 1967b) of the specificity of ,B-glucosidase, ,-galactosidase and fl-D-fucosidase in barley, limpet, almond emulsin and rat epididymis was extended to a-L-arabinosidase. 2. The inhibitory action of L-arabinono-(1 -*5)-lactone was tested against all four types of enzyme, and a-L-arabinosidase was examined for inhibition by glucono-, galactono-and D-fucono-lactone. 3. In emulsin, the enzyme that hydrolyses ,B-glucosides, :-galactosides and fl-D-fucosides also hydrolyses oc-L-arabinosides. Rat epididymis resembles emulsin except that, as already noted, it lacks ,-glucosidase activity. 4. In the limpet, a-L-arabinosidase activity is associated with the enzyme that hydrolyses ,-glucosides and fl-D-fucosides, and not with the separate ,B-galactosidase. 5. The effects of the different lactones on the barley preparation suggest that oe-L-arabinosidase activity is associated with the ,-galactosidase rather than with the enzyme that hydrolyses ,B-glucosides and ,B-D-fucosides. Fractionation and heat-inactivation experiments indicate that there is also a separate o-Larabinosidase in the preparation.
A recent investigation of ,-glucosidase, a-Dfucosidase and ,B-galactosidase from four sources, namely limpet, barley, emulsin and rat epididymis, concerned the specificity of these three enzymes with regard to C-4 and C-6 of their substrates (Conchie, Gelman & Levvy, 1967b) . There was specificity for C-4 in the limpet and barley preparations as shown by the non-identity of ,B-glucosidase and fl-galactosidase. In emulsin, on the other hand, all three enzymes appeared to be identical, indicating a lack of specificity for both C-4 and C-6. The most surprising finding was that in the limpet and barley preparations fl-glucosidase was also responsible for the hydrolysis of fl-fucosides, indicating a coupled lack of specificity for C-4 and C-6. The rat preparation conformed to the emulsin pattern rather than the limpet pattern, inasmuch as that fl-galactosidase and ,B-fucosidase activity appeared to reside in a single enzyme, but this preparation was nearly devoid of fl-glucosidase activity.
fi-Galactosidase from calf intestine and from E8cherichia coli apparently acts, not only on ,B-fucosides, but also on (X-L-arabinosides (Wallenfels & Malhotra, 1960) , and with the latter source, at least, the preparation resembles rat epididymis in that it is free from fl-glucosidase activity (Kuby & Lardy, 1953) . It was therefore decided to investigate the relationship between a-L-arabinosidase on the one hand and f-glucosidase and P-galactosidase on the other in preparations from limpet, barley, emulsin and rat epididymis.
EXPERIMENTAL Enzyme preparations
Limpet. A limpet (Patella vulgata) preparation (1-77ml./ g. of tissue), made by (NH4)2SO4 fractionation of an aqueous extract as described by Conchie & Levvy (1957) , had f-glucosidase and fl-galactosidase activities of 94200 and 112800 o-nitrophenol units/g. of tissue respectively, and fl-fucosidase and a-L-arabinosidase activities of 82300 and 12400 p-nitrophenol units/g. of tissue respectively.
The solution was diluted 1:250 for f-glucosidase and fl-fucosidase assays, 1:175 for fl-galactosidase assays and 1:50 for a-L-arabinosidase assays.
Barley. follows: P-glucosidase and ,-fucosidase, 1:150; fl-galactosidase, 1:40; oa-L-arabinosidase, 1: 2-5.
Emul8in. An enzyme preparation from partially defatted sweet-almond meal (0.09g. in 30ml.) was prepared as described by Conchie et at. (1967b) . The preparation had activities as follows: P-glucosidase and fl-galactosidase 1455000 and 295000 o-nitrophenol units/g. of emulsin respectively; f-fucosidase and a-L-arabinosidase 1380000 and 66650 p-nitrophenol units/g. of emulsin respectively.
The enzyme solution was diluted 1:20 for ,B-glucosidase and fl-fucosidase assays, 1:5 for f-galactosidase assays and 1:2 for a-L-arabinosidase assays.
Rat epididymis. A rat epididymal preparation (2ml./g. of tissue), prepared as described by Levvy, Hay & Conchie (1964) , had a f-galactosidase activity of 36000 o-nitrophenol units/g. of tissue, and g-fucosidase and a-L-arabinosidase activities of 3200 and 1416 p-nitrophenol units/g. of tissue respectively. The preparation was diluted 1: 60 for ,3-galactosidase assays, 1: 8 for ,B-fucosidase assays and 1 :6 for a-L-arabinosidase assays.
Enzyme assays fi-Glucosidase, /3-galactosidase and [-fucosidase. These were assayed as described by Conchie et al. (1967b) .
a-L-Arabinosidase. The incubation mixture contained 1 ml. of 0-2M-Na2HPO4-0-1 M-citric acid buffer (McIlvaine, 1921) , pH4-5, 2ml. of 4mM-p-nitrophenyl oa-L-arabinoside and 0-5ml. of enzyme preparation, the volume being made up to 4ml. with water or inhibitor. After 1 hr. the reaction was stopped with 0-4M-glycine-NaOH buffer, pH 10-8, and the liberated nitrophenol measured as described for [3-glucosidase assays by Conchie et al. (1967b) .
Inhibitors
Solutions of D-galactono-(1-+5)-lactone were prepared from D-galactono-(1-+4)-lactone solutions as described by Levvy, McAllan & Hay (1962) , except in studies of rat epididymal enzyme when the (1-÷5)-lactone was prepared by platinum-catalysed oxidation of D-galactose as described by Conchie, Hay, Strachan & Levvy (1967a) .
D-Glucono-(1-+5)-lactone was purified as described by Levvy et al. (1964) .
Solutions of D-fucono-(1-+5)-lactone and L-arabinono-(1 -+5)-lactone were obtained by platinum-catalysed oxidation of D-fucose and L-arabinose respectively, as described by Conchie et al. (1967a) .
All inhibitor solutions were freshly prepared and used immediately, and concentrations are expressed in terms of starting material.
Substrate p-Nitrophenyl a-L-arabinoside was prepared as described by Feier & Westphal (1956) , except that in the preparation of tetra-O-acetylarabinose the chloroform solution was washed several times with an equal volume of ice-cold 0-1 N-NaOH, followed by washing with ice-water and drying overnight with CaCl2. Omission of this treatment gave a syrup that did not crystallize. Deacetylation of p-nitrophenyl tri-O-acetyl-Cx-L-arabinoside was carried out by the method of Leaback (1960) .
RESULTS
Inhibition of oc-L-arabinosidases by aldonolactones. Table 1 shows the concentrations of glucono-, galactono-, fucono-and L-arabinono-(l -+5)-lactone required for 50% inhibition of oc-L-arabinosidase activity in preparations from limpet, barley, emulsin and rat epididymis. Wherever the concentration of inhibitor permitted, inhibition could be made to approach 100%. Except with limpet arabinosidase, arabinono-(1 -5)-lactone was a much less powerful inhibitor of the enzyme than were some of the other lactones tested, suggesting that in such cases there was lack of specificity with respect to the hydrolysis of arabinosides. This was further borne out by the action of arabinonolactone against the related enzymes in the preparations (Table 2 ).
In the limpet, P-glucosidase and ,B-fucosidase activities have been shown to be due to a single enzyme, whereas ,B-galactosidase is a separate enzyme (Conchie et al. 1967b ). Arabinonolactone was a powerful inhibitor of limpet ,B-glucosidase and fl-fucosidase activity, and a considerably less powerful inhibitor of ,B-galactosidase activity (Table 2) , whereas limpet cX-L-arabinosidase activity was strongly inhibited by glucono-, fucono-and arabinono-lactone, but not by galactonolactone (Table 1) . These results suggest that, in the limpet, [B-glucosidase, fl-fucosidase and oc-L-arabinosidase activities are due to a single enzyme, which is distinct from [B-galactosidase.
In barley, the relationship between fl-glucosidase, [3-fucosidase and [B-galactosidase activities has been shown to be similar to that in limpet (Conchie et al. 1967b ). Arabinonolactone was not a particularly good inhibitor of arabinosidase or any of the other glycosidases (Tables 1 and 2 ). Both galactono-and fucono-lactone were good inhibitors of arabinosidase, but gluconolactone was a poor inhibitor. At first sight, therefore, arabinosidase activity appears to be to some extent independent of the glucosidase and associated with galactosidase activity.
The ,B-glucosidase, fl-fucosidase and ,-galactosidase activities in emulsin are all due to a single enzyme (Heyworth & Walker, 1962; Conchie et al. 1967b ). The 50%-inhibition value for each of the four lactones with emulsin arabinosidase (Table 1) proved to be of the same order as the corresponding values with the other three glycosidases (Table 2 and Conchie et al. 1967b) . It is thus very probable that all four glycosidase activities are due to a single enzyme, with the fucono-, glucono-, arabinono-and galactono-lactone solutions acting in decreasing order of inhibitory power.
Previous studies on rat epididymal preparations indicated that here [3-fucosidase and ,B-galacto-1968 136 SPECIFICITY OF OC-L-ARABINOSIDASE Table 1 . Concentrations of glucono-, galactono-, D-fucono-and L-arabinono-(l -*5)-lactone causing 50% inhibition of the hydrolysis of 2mM-p-nitrophenyl ac-L-arabinoside by various enzyme preparations sidase activities are due to a single enzyme, which probably has vestigial f-glucosidase activity as a side action (Conchie et at. 1967b) . Results obtained for the four lactones tested against rat arabinosidase (Table 1) , when compared with results for the other glycosidases (Table 2 and Conchie et al. 1967b) , suggest that the fucosidase-galactosidase is also responsible for the hydrolysis of oc-L-arabinosides: this enzyme shows greatest affinity for the galactose residue and practically none for the glucose.
Except in barley, a-L-arabinosidase activity appears to be associated with ,B-D-fucosidase activity in the above experiments.
Separation of limpet glycosidases. The fl-fucosidase and ,-galactosidase activities in a limpet preparation can be readily separated by heating at 270 and pH85 for 2hr. to destroy the fl-galactosidase activity (Levvy & McAllan, 1963a) : in such a 'fucosidase-enriched' preparation the fl-glucosidase activity is enhanced to a similar extent (Conchie et al. 1967b) . When a limpet preparation was subjected to this treatment, the change in oc-L-arabinosidase activity exactly paralleled the change in ,8-fucosidase and fl-glucosidase, the activities of the respective enzymes being 57, 59 and 58% of the values for the untreated preparation, whereas the activity of ,-galactosidase fell to 6% of the original. This parallel enrichment of OC-L-arabinosidase, fl-fucosidase and ,B-glucosidase by the removal of almost all the ,-galactosidase activity supports the evidence of identity of the three former enzymes obtained by lactone inhibition experiments. When arabinono-(1-÷5)-lactone was tested against the oc-L-arabinosidase in such an enriched preparation, the concentration required for 50% inhibition (0-016mM) was similar to that obtained with the original preparation.
Separation of barley enzymes. When a barley extract was fractionated with ammonium sulphate as shown in Table 3 , the fraction precipitating between the 50 and 80% saturation limits showed the enrichment with respect to ,B-glucosidase activity already noted (Conchie et at. 1967b With one exception the action of the lactones was purely competitive. With barley fucosidase, arabinonolactone gave a mixture of competitive and non-competitive inhibition when results were analysed by the method of Lineweaver & Burk (1934) .
In the limpet, the close similarity in Kj values for fuconolactone when tested against glucoside, fucoside and arabinoside substrates, and the considerably different value obtained with galactoside, provided strong confirmation that ,B-glucosidase, /3-fucosidase and a-L-arabinosidase activities were due to a single enzyme. This was supported by the results obtained with arabinonolactone: the higher instability of this lactone leads to rather greater 138 1968 Lineweaver & Burk (1934) . Galactonolactone, on the other hand, gave KR values of 0-048Snm and 0*02mM when tested against galactoside and arabinoside respectively. This approximate similarity, considered together with the other results, is possibly indicative of partial identity of arabinosidase and galactosidase. The fact that fuconolactone causes small, but appreciable, inhibition (50% at 1.5mM) of barley galactosidase would then explain its rather high inhibitory power for arabinosidase (Table 5) .
DISCUSSION
All the preparations used in this investigation have previously been shown to display a lack of specificity for the group on C-6 of the substrate, sometimes accompanied by a lack of specificity for C-4, as with emulsin. There was sometimes specificity for C-4, with a coupled lack of specificity for C-4 and C-6, as with limpet and barley (see the introduction). In all the preparations, with the exception of barley, lack of specificity for C-6 has now been shown to be associated with hydrolytic activity for a-L-arabinosides where C-5 has a hydrogen atom instead of a hydroxymethyl or methyl group. This phenomenon is rather a lack of specificity at C-5 than at C-6.
The lack of specificity for C Table 6 . Suggested speciftcities of the gtycosidase from different sources emulsin has also been observed by Manners & Mitchell (1967) , who found that ,-glucosidase and ,B-xylosidase activities were due to a single enzyme in emulsin. Our emulsin preparation has no detectable P-mannosidase activity, indicating that the lack of specificity does not extend to C-2. With limpet, the fact that the coupled lack of specificity for C-4 and C-6 extends to xC-L-arabinosides is in agreement with the explanation already proffered for the identity of fl-fucosidase and f-glucosidase (Conchie et al. 1967b) , namely the elimination of steric hindrance in the combination of enzyme with substrate by the removal of an interfering group either on C-4 or on C-5 in the pyranose ring.
In barley, previously found to resemble limpet in possessing a f-glucosidase-,f-fucosidase and a separate ,-galactosidase, anomalous results were obtained for the hydrolysis of the arabinoside, and there appeared to be at least two enzymes with arabinosidase activity, the ,-galactosidase and a third distinct enzyme. We cannot explain the specificity requirements of barley f-glucosidasefl-fucosidase; obviously the explanation mentioned above for limpet can no longer apply in this instance.
,B-Galactosidase from other sources has been shown to act on aC-L-arabinosides as well as ,-fucosides (Wallenfels & Malhotra, 1960) , and this pattern would appear to apply to our rat preparation. Rat epididymis differs from emulsin only in lacking P-glucosidase activity. It may be found that the lack of specificity of fl-galactosidase in intestine is as extensive as in emulsin, so that a single enzyme hydrolyses ,B-glucosides, ,B-galactosides, fl-fucosides and ax-L-arabinosides (cf. Heyworth & Dahlqvist, 1962) .
Our conclusions are summarized in Table 6 , and the structural relationships between the different sugar residues are shown in the formulae. It is evident that testing the specificity of a glycosidase by varying the configuration at only one carbon atom at a time can no longer be accepted as conclusive for purposes of discrimination.
